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ELSEVIER 
Parameters influencing the introduction of plasmid DNA into cells by 
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Abstract 
Parameters that affect cellular transkct~on as accomplished by introducing DNA via carriers composed of cationic synthetic 
amphiphiles, have been investigated. with the aim to obtain insight into the mechanism of DNA translocation. Such insight may be 
exploited in optimi~ing carrier properties of synthetic amphiphiles for molecules other than nucleic acids. In the present work, the 
interaction of vesicles composed of the cationic amphiphile dioleyloxy-propyl-trimethylammonium chloride (DOTMA) with cultured cells 
was examined. The results show that optimal transfection is dependent on the concentration of lipid, which determines the efficiency of 
vesicle interaction with the target cell membrane. as well as the tox~city of the amphiphiles towards the cell. A low lipid/DNA ratio 
prevents the complex from interacting with the cell surface, whereas at a relatively high amphiphile concentration the complex becomes 
toxic. Translocation efficiency is independent of the initial vehicle sI/e but is affected by the size of the DNA. An incubation time of the 
DNA/amphiphile complex and cells of approx. 2-1 h is required for obtaining efficient transfection. In conjunction with observations on 
DNA/amphiphile complex-induced hemolys~s of erythrocytes. a mechanism of DNA-entry is proposed which involves translocation of 
the nucleic acids through pores acrosh the membranes rather than delicery via fusion or endocytosis. Dioleoylphosphatidylethanolamine, a 
phospholipid frequently used in a mixture with DOTMA ('lipofectin') strongly facilitates this pore formation. Translocation of the DNA 
is effectively prevented when the cell, are pretreated with ~ a '  ' or pronahe. These observations suggest that CaL+-sensitive cell surface 
proteins play a role in amphiphile-med~ated DNA translocation. 
1. Introduction 
T o  cure genetic disorders. therapies need to be devel- 
oped that repair the genetic defect rather than modulate 
symptoms. Obviously. gene therapy will play a major role 
in future treatment. However. in order for gene therapy to 
be effective. it is necessary to find methods and vectors to 
transport the degradation-sensitive DNA to the cells and 
introduce this D N A  into these cells. 
Vesicles composed of synthetic amphiphiles. i.e.. 
molecules with a distinct hydrophilic and hydrophobic 
part, which can form bilayer structures when suspended in 
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an aqueous environment, have been shown to be effective 
carriers for introducing DNA into several cell lines [l-41. 
Vesicles prepared from DOTMA/DOPE ( I  : I ) ,  also known 
as lipofectin [4]. are widely used for accomplishing trans- 
fection [3-61 although much effort is invested in the 
synthesis of other, less toxic amphiphiles able to bind and 
transport the DNA [7.8] in an even more efficient manner. 
T o  develop novel carriers based on synthetic amphiphiles 
i t  is crucial to clarify the mechanism by which vesicles 
prepared from such molecules express their transfection 
potential. Evidently, the positive charges on the DOTMA 
molecules are important for the binding of the negatively 
charged DNA [9]. It has also been shown that DOTMA-in- 
duced transfection is greatly facilitated when DOPE, an in 
isolation hexagonal-phase forming amphiphile, is included 
in the vesicle bilayer [lo]. 






